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Abstract - The profession of engineering is witnessing a continuous, and a very fast-paced change. There is a flood of new 
products, new technologies, and innovative new ideas. Engineering education has to keep pace with these rapid changes, or 
lose its effectiveness. There are various acute challenges facing instructors of engineering courses: how to design an optimal 
coverage of the fundamental topics and the emerging technologies; how to keep on attracting top students towards engineering; 
how to make sure that the graduates are well-prepared for engineering in the twenty-first century. The problem is compounded 
by recurrent cases of lack of interest and response in the class, low grades, poor attendance, and withdrawals. Conventional 
style of black-board-centered and lecture-based teaching may not be enough. There is a paradigm shift from objective-based to 
outcome-oriented education. And there is increased stress on addressing higher levels of cognitive skills. Also, the 
contemporary instructor is not there just to impart information, but to facilitate student learning. The current paper discusses 
levels of required intellectual skills and student outcomes in engineering education, in the context of new teaching and learning 
paradigms such as active (activity-based) learning, cooperative learning, problem-based learning, project-based learning, and 
inquiry-based learning. Based on the author’s own experience of teaching undergraduate-level Applied Mechanics and Design, 
and Materials and Manufacturing courses, some relevant examples are also given for each pedagogical style. 
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I. INTRODUCTION 
 
The main target of engineering education worldwide is 
that graduating students should be well prepared to 
practice engineering as professionals [1, 2]. A good 
engineering product requires well-defined engineering 
specifications. Similarly, high quality education is not 
possible without a clear-cut description of the desired 
goals. That is why, universally accepted criteria of 
engineering education become critically important, 
such as those outlined by the Engineering 
Accreditation Commission (EAC) of ABET [3]. 

 

 
Figure-1 Bloom’s revised taxonomy 

 
These educational goals should match the skill or 
knowledge levels inherently associated with human 
beings. Bloom's Taxonomy (or revised taxonomy) of 
Educational Objectives [4] uses a tier-wise scale to 
enunciate the skill level required to achieve each 
measurable student outcome. Based on the type of the 
objectives, three different taxonomies are described. 
These three domains are for cognitive 

(knowledge-based) goals, psychomotor (skills-based) 
goals, and affective (heart-based feelings) goals. 
Knowledge-based taxonomy is the one most 
commonly used, especially for engineering education 
[5]; Fig.1. 
 
II. EDUCATIONAL OBJECTIVES AND 
STUDENT OUTCOMES 
 
The set of skills required by graduating engineering 
students to be successfully integrated in a professional 
career is termed by ABET as student outcomes [6]. 
Bloom’s taxonomy also describes a set of educational 
objectives. However, the scope is the whole spectrum 
of education instead of only engineering, and the goals 
are arranged from lower to higher-order thinking [7, 
8]. Efficacy and efficiency in any engineering course 
can be seriously improved if both ABET criteria and 
Bloom’s taxonomy are incorporated into it. 
Relationships between skill levels and student 
outcomes in the context of engineering education were 
examined during a workshop and various rounds of 
discussions at the Mechanical and Industrial 
Engineering (MIE) Department, Sultan Qaboos 
University, Muscat, Oman. A suggested correlation 
matrix between ABET student outcomes and the 
competency levels in revised Bloom’s taxonomy is 
shown in Table-1. 
 
III. CASE STUDY 
 
A pedagogical approach for engineering education is 
presented in this paper, with the target of developing 
skills of all the six levels of Bloom’s taxonomy. As a 
case study, examples are presented from the Creative 
Design course (recently renamed as Product Design) 
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taught at the MIE Department, Sultan Qaboos 
University. It is not possible to cover all design 
activities in a few pages, so only some representative 
tasks have been included in this paper. Once Bloom’s 

skill levels are clear, Table-1 can be used to determine 
the coverage of ABET student outcomes for each 
design activity. 

 
Table-1 Correlation between skill levels in Bloom’s taxonomy and ABET student outcomes 

 
 
IV. COGNITIVE SKILLS AND DESIGN 
EDUCATION 
 
A. Skill Level-1: Remembering 
“Remembering” is the ability of students to recollect 
previously discussed material from memory. 
Commonly used verbs associated with this skill in the 
context of engineering design are define, label, list, 
select, choose etc [4, 8]. In the Creative Design course, 
some technical terms and concepts are explained in the 
beginning of the course. Some of these are mechanical 
design language (semantic, graphical, analytical, and 
physical), type of design problem (selection, 
configuration, parametric, original, redesign, and 
variant), concept generation technique (brainstorming, 
brainwriting, morphological method, etc), the design 
cycle (project definition and planning, specifications  
development, concept generation and selection, and 
product development), etc. For instance, “physical 
decomposition” can be defined as a technique to 
decompose a product into its subassemblies and 
components. In a quiz or a small test, students would 
be asked to write the definitions of some of these 
technical terms, and give real-world examples. 
B. Skill Level-2: Understanding 
“Understanding” refers to the capability of explaining 
information and concepts. Some familiar verbs related 
to this skill are explain, interpret, classify, identify, etc 
[4, 8]. The instructor describes a design problem in 
which different types of design are involved 
(selection, configuration, parametric, etc). During 
class work or a quiz, students are asked to list and 
briefly explain the different types of design problems 
applicable in a given example product. For example, 

student groups are asked to discuss the types of design 
required for the development of a new product for the 
local community. “Original design” will definitely be 
needed as this is a new product. “Configuration 
design” needs to be carried out later to come up with 
an optimum layout for the various parts. “Parametric 
design” is needed for proper sizing and dimensioning 
of each part, satisfying strength and other 
requirements. “Selection design” will be needed for 
components that already are available in the markets. 
If the approach used is modification of an existing 
product rather than full new design, then the problem 
type is “redesign” rather than original design. 
C. Skill Level-3: Applying 
The ability to utilize previously acquired knowledge to 
any task is known as “applying.” Construct, develop, 
organize, solve, etc are some of the commonly used 
verbs that describe this skill [4, 8]. Physical and 
functional decomposition of a real product can be a 
good example of a classroom activity to develop this 
skill. The instructor explains the physical and 
functional decomposition of a small well-known 
product (such as a paper stapler), using tree diagrams. 
Students are asked to apply this technique initially to 
another small product, and later to a much bigger 
product (their term project: design improvement of a 
blender-grinder for household use). Physical 
decomposition tree diagram, developed by one of the 
student groups, is shown in Fig. 2. 
D. Skill Level-4: Analyzing 
Levels 4, 5, and 6 of Bloom’s taxonomy are generally 
referred to as higher-order skills. It is recommended 
by senior educators [9] that at least one objective for 
every major topic in any engineering course should be 

ABET student outcome 

Bloom’s taxonomy level/category 

Remembering/     
Knowledge 

Understanding/     
Comprehension 

Application Analysis Evaluation Creation/       
Synthesis 

(a) Apply math, science, engineering X X X       
(b) Design/conduct experiment, and 
analyze/interpret data   X X X     

(c) Design system, component,  
process X   X X X X 

(d) Team work X X X       
(e) Identify, formulate, solve 
engineering problems   X X   X   

(f)  Professional and ethical 
responsibility   X     X   

(g) Communicate effectively (verbal, 
written)   X X X X X 

(h) Global, economic, environmental, 
and societal impact of engineering X   X X X   

(i) Life-long learning X X X X     
(j) Contemporary issues X X X       
(K) Techniques, skills, and modern 
engineering tools X X X X     
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at level-4 or higher. First of the higher-order family is 
“analyzing,” the activity of breaking information into 
its constituent parts. Some common representative 
verbs are analyze, identify, inspect, divide, etc [4, 8]. 
The physical decomposition described above as a 
level-3 (applying) activity, can also be considered as 
the level-4 activity of analyzing (breaking down into 
parts to explore relationships). A higher-order activity 
is to ask students to analyze the subassemblies and 
components of a product in terms of their functions, 
and to construct a functional decomposition. Fig. 3 
shows the functional decomposition of a 
blender-grinder developed by the same student group 
that developed its physical decomposition. It is 
well-known that design is an open-ended activity. 
Different student groups can come up with slightly 
varying physical and functional decompositions of the 
same product. 

 
Fig. 2 Tree diagram for physical decomposition of a 

blender-grinder; student sample 
 
E. Skill Level-5: Evaluating 
“Evaluating” is the process of making judgments 
based on assessment. Some of the commonly used 
verbs that describe this skill are evaluate, recommend, 
judge, decide, choose, etc. When Bloom’s taxonomy 
was revised [10], evaluation was moved from level-6 
to level-5. The rationale was that creation is the 
highest-level cognitive skill, and many things need to 
be analyzed and evaluated before creating something 
new. A commonly used tool that could be used to 
develop this skill, especially in a course like Product 
Design, is the Pugh’s method or Basic decision matrix. 
As an example, students are asked to systematically 
choose the best car in their opinion, based on a set of 

specific criteria. A student sample of the basic 
decision matrix for selection of the best is shown in 
Table-2. As both cars B and C have negative total 
scores, car A (which was selected as the datum for 
comparison) comes out to be the best choice. 

 
Fig. 3. Tree diagram for functional decomposition of a 

blender-grinder; student sample 
 

Table-2 Basic decision matrix method for car selection 
problem; student sample 

 
 
F. Skill Level-6: Creating 
“Creating” has been designated as the highest level of 
intellectual skill in Bloom’s revised taxonomy, 
development of all other skill levels would be needed 
to successfully achieve this. Among the several 
essential requirements of university education, the 
most prominent one is to kindle and develop the 
creativity of students [11]. Termed as “synthesis” in 
the earlier version, creating is simply the process of 
creating something new. It usually involves verbs such 
as design, create, generate, build, develop etc [4, 8]. 
Not covered in many other courses, this skill is a 
natural and obvious requirement in a course such as 
Creative Design. Using a function-based design 
approach, student groups have to use the functions and 
sub-functions identified earlier to generate three 
overall concepts for any product. This is the most 
interesting, absorbing, and creative part of the course. 
Different methods for concept generation have been 
freshly covered in the class by the instructor, with 
suitable examples. Using techniques such as 

Criterion Importance Car A Car B Car C 
Ground clearance 5 

Datum 

- - 

Power 10 - - 

Air bags 15 - - 

High mount stop lamp 10 0 0 
Blue tooth (for answering phone 
calls)  15 - - 

Cabin space 10 - - 

Service network 10 + 0 

Fuel cost 15 + + 

Resale value 10 + 0 
Total + - 3 1 
Total - - 5 5 
Overall total - -2 -4 
Weighted total - -20 -40 
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brainstorming or brainwriting, students come up with 
at least three concepts for each lowest level 
sub-function. The morphological method is then used 
to combine sub-function solutions into conceptual 
designs. Fig. 4 is a morphology for some basic 
functions, while Fig. 5 shows freehand sketches of 
three overall concepts developed by one student group 
for an improved blender-grinder. 

 
Fig. 4. Morphological diagram for various parts/functions of 

blender-grinder; student sample 
 

 
Fig. 5. Three overall concepts for the blender-grinder; student 

sample 
 
G. Creating vs Evaluating 
Rather than progressing in a serial manner, 
engineering design is an iterative process, often going 
back-and-forth between various activities. 
“Evaluation” of existing products is necessary for the 
generation or “creation” of new concepts. These 
concepts have to be “evaluated” again to select the 

best or most optimum solution. This 
evaluation-creation-evaluation process is required in 
both the Concept Generation and Product 
Development (Detail Design) stages. From an 
engineering design viewpoint, it will therefore always 
be debatable which activity is level-5 and which is 
level-6. 
To select the best conceptual design (from the three 
overall solutions presented in Fig. 5), a weighted basic 
decision matrix is used again. This selection of the best 
overall concept for improved domestic 
blender-grinder is illustrated in Table-3. Concept-2 
turns out to be the best solution. Note that level-5 
activity of “evaluating” is carried out here after level-6 
activity of “creating.” 
 
CONCLUSIONS 
 
Bloom’s taxonomy classifies the cognitive (thinking) 
skills required by students into different levels. 
Student outcomes defined by ABET provide another 
viewpoint as criteria for assessment of student 
capabilities. Using Creative/Product Design as a case 
study, a methodology for teaching of engineering 
courses is presented in this paper, in line with Bloom’s 
taxonomy and ABET outcomes. For each cognitive 
level, examples of some design activities are presented 
and discussed. Utilizing the correlation table 
developed by the authors, these activities can also be 
paired with ABET student outcomes. 
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Table-3 Selection of best overall concept for blender-grinder re-design; student sample 

 
 
 
 

 
 
 

 

Evaluation Criteria (usually 
customer requirements)

Importance
Alternative Designs

D1 D2 D3

1 Less time for mixing 5 0 +1 0
2 More scratch resistant 7 +1 +1 +1
3 Lower power consuming 4 0 0 0
4 Different speed levels 6 0 0 0
5 Easy to use 6 -1 0 0 D
6 Safe to use 10 -1 +1 +1 A
7 Easy to disassemble 6 -1 0 +1 T
8 Long life 9 0 +1 -1 U
9 low cost 11 -1 0 0 M

10 Better locking
7 -1

+1 0

11 No leaking
8 -1

+1 0

12 Water proofing
6 0

0 +1

13 Less noisy
15 0

0 0

Total + 1 6 4
Total - 6 0 1

Overall total -5
6 3

Weighted 
total

-41
46 20


